Energy management tool suite by Bliss, Julian
Santa Clara University
Scholar Commons
Computer Science and Engineering Senior Theses Student Scholarship
6-6-2015
Energy management tool suite
Julian Bliss
Santa Clara University
Follow this and additional works at: http://scholarcommons.scu.edu/cseng_senior
Part of the Computer Engineering Commons
This Thesis is brought to you for free and open access by the Student Scholarship at Scholar Commons. It has been accepted for inclusion in Computer
Science and Engineering Senior Theses by an authorized administrator of Scholar Commons. For more information, please contact rscroggin@scu.edu.
Recommended Citation
Bliss, Julian, "Energy management tool suite" (2015). Computer Science and Engineering Senior Theses. Paper 51.

ENERGY MANAGEMENT TOOL SUITE
By
Julian Bliss
SENIOR DESIGN PROJECT REPORT
Submitted to
the Department of Computer Engineering
of
SANTA CLARA UNIVERSITY
in Partial Fulfillment of the Requirements
for the degree of
Bachelor of Science in Computer Engineering
Santa Clara, California
Spring 2015, Senior
Contents
1 Abstract 0
2 Requirements 1
2.1 Requirements Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2.2 Functional . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2.3 Requirements by Tool Number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2.4 Non-functional . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.5 Design Constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
3 UI Model 3
3.1 Simple Website Design Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3.2 Webpage Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4 Use Cases 5
5 Process Flow 11
6 Algorithms 17
7 Technologies Used 17
8 Design Rationale 18
9 User Manual and Maintenance 18
10 Ethics 19
11 Existing Research 20
12 Project Risks 21
13 Test Plan 21
14 Development Timeline 21
15 Bibliography 22
List of Figures
1 Sample Graph generated by EMTools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2 The EMTools User Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3 Demand Analysis Tool 1 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
4 Demand Analysis Tool 2 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
5 Demand Analysis Tool 3 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
6 Demand Analysis Tool 4 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
7 Demand Analysis Tool 5 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
8 Solar Generation Tool 1 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
9 Solar Generation Tool 2 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
10 Solar Generation Tool 3 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
11 Wind Generation Tool 1 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
12 Wind Generation Tool 2 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
13 Wind Generation Tool 3 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
14 Deficit Calculation Tool 1 Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
15 Demand Analysis Tool 1 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 11
16 Demand Analysis Tool 2 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 11
17 Demand Analysis Tool 3 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 12
18 Demand Analysis Tool 4 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 12
19 Demand Analysis Tool 5 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 13
20 Solar Generation Tool 1 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 13
21 Solar Generation Tool 2 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 14
22 Solar Generation Tool 3 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 14
23 Wind Generation Tool 1 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 15
24 Wind Generation Tool 2 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 15
25 Wind Generation Tool 3 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . . 16
26 Deficit Calculation Tool 1 Swim Lane Diagram . . . . . . . . . . . . . . . . . . . . . . . . 16
27 General Architectural Diagram for EMTools Suite . . . . . . . . . . . . . . . . . . . . . . 18
28 Product Development Timeline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
-1
1 Abstract
ELEN 288 / COEN 282, Energy Management Systems, is a graduate course offered at Santa Clara
University concerning different methods and procedures energy companies utilize. Many algorithms
taught in this class for predicting and measuring energy usage are dependent on the weather. For exam-
ple, to predict energy usage for an upcoming day, if the day is predicted to have a max temperature of
eighty degrees and a minimum temperature of fifty-five degrees, students can look in historical databases
of weather for days that have similar weather, and infer that the energy usage might be similar as well.
Energy usage prediction methods such as this one that involve numerous database lookups are fairly
accurate, but extremely time consuming to calculate.
Currently, if a student enrolled in the class is solving a problem that requires this “similar day”
algorithm, he/she has to obtain a historical weather database, and compare the upcoming day they are
trying to calculate the energy usage for with the first day in the database. Then he/she compares it
with the second day, etc. This process is extremely tedious, and provides almost no educational utility
to the student. If the student wants to check his/her work, he/she would have to do the calculations
all over again. These large repetitive tasks are extremely inefficiently done by humans, but can be done
extremely rapidly by a computer. At the moment, students in the class use historical databases that
contain one week of data, because of the amount of time it takes to perform lookups and comparisons.
However, for a computer, it would be trivial to perform hundreds or even thousands of lookups and
comparisons in a matter of seconds.
The solution is to create a web application that has access to all of the required historical databases,
and performs all of the comparisons automatically. The application will take as input an upcoming day
and predicted weather parameters, and search through its databases for the most similar day, and return
the predicted energy usage. This will alleviate the tedium for the students, allowing them to focus on
the actual ideas behind the methods used and why they work. The logic behind the algorithm will
be extremely portable, and could be easily adapted to other methods that are used in the ELEN 288 /
COEN 282, or even other classes in the Sustainable Energy Program, such as predicting power generation
from solar panels or wind farms in ELEN 282 or ELEN 286. The web application will be simple and
user friendly, and will reduce stress, tedium, and human error that arise from having to perform these
calculations manually.
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2 Requirements
2.1 Requirements Overview
In order to address the problem discussed in Section 1, requirements and design constraints were
considered when implementing the solution. The two types of requirements that the software must
adhere to are functional and non-functional requirements. Functional requirements define what the
program must accomplish. Non-functional requirements, on the other hand, define the manner in which
the functional requirements need to be completed. The project is also subject to some design constraints.
Design constraints affect the way the solution is designed and implemented. The specific requirements
and design constraints are discussed below.
2.2 Functional
The functional requirements for software are as follows:
• The software consists of twelve tools, each with the same underlying algorithm. Based on user
input, the software performs a data lookup into a CSV file that does one of two things.
1. If the user is performing a date lookup, the algorithm simply returns the desired graph con-
taining information given the specified date.
2. If the user is providing weather data, the weather data is processed alongside date from the
CSV file to perform the Similar Day Algorithm. The new graph is generated and then returned
to the webpage.
(Note that the desired graph may be a graph showing either Demand, predicted Solar Power
generation, predicted Wind Power generation, or a calculated deficit of energy.)
• Each tool should have the capability to process user input for up to seven different days at once.
• Because of the structure of years, the tools will need access to logic of algorithms such as:
1. The property to know if a year is a leap year.
2. The property of knowing if a day is a weekday.
3. The property of knowing the boundaries between months.
2.3 Requirements by Tool Number
Each of the twelve tools in the suite must fulfill the following requirements respectively.
Demand Analysis
1. The user shall input a date, and returned is a graph of historical demand for that day.
2. The user shall input weather parameters, and returned is a graph of historical demand for a Similar
Day calculated from the weather.
3. The user shall input two sets of weather parameters, and returned is a graph of the difference in
historical demand between the demands of the two Similar Days.
4. The user shall input weather parameters and adaptive parameters, and returned is a graph of
historical demand for a Similar Day calculated from the weather and the adaptive parameters.
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5. The user shall input two sets of weather parameters and adaptive parameters, and returned is a
graph of the difference in historical demand between the demands of the two Similar Days.
Solar Generation
6. The user shall input a date, and returned is a graph of the solar generation for that day.
7. The user shall input weather parameters, and returned is a graph of solar generation for that day.
8. The user shall input weather parameters and adaptive parameters, and returned is a graph of solar
generation for that day.
Wind Generation
9. The user shall input a date, and returned is a graph of the solar generation for that day.
10. The user shall input weather parameters, and returned is a graph of wind generation for that day.
11. The user shall input weather parameters and adaptive parameters, and returned is a graph of wind
generation for that day.
Deficit Calculation
12. The user shall input weather parameters, and returned is a graph of the demand, solar, and wind
generations for that day. Then deficit in the generation is the demand-(solar+wind).
2.4 Non-functional
The non-functional requirements for each of the twelve tools are the same. The non-functional
requirements for the Energy Management Tool Suite are as follows:
• The software must be reasonably fast.
• The software must output the correct information in bar graph form.
• The software should be straightforward to use for its intended audience.
• The webpage which hosts it must be visibly appealing.
• The website should work with Safari, Firefox, and Google Chrome.
2.5 Design Constraints
The design constraints for each of the twelve tools are the same. Design constraints for EMTools
Suite are as follows:
• The program must be web-based
• The website must work on the machines in the Engineering Design Center
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3 UI Model
3.1 Simple Website Design Overview
The application is implemented as a website and works much like any other website on the Internet.
Once the user has navigated to the website (either through an indirect link or with the URL), they are
presented with a single page. This page contains redirects to the different sections of EMTools, which
are at current:
• Demand Analysis
• Photovoltaic Generation
• Wind Generation
• Deficit Calculation
Upon choosing a section, the user is presented with instructions on how to use the different tools in each
section. Each of the eleven tools generates a graph with twenty-four bars. Depending on which tool in
the suite the user uses, the graph will be of one of the following.
• Analysis of demand
• Projected photovoltaic power generation
• Projected wind power generation
• Data from historical lookup
Figure 1: Sample Graph generated by EMTools
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3.2 Webpage Interface
The basic structure of EMTools Suite consists of different text boxes and dropdown menus for the
user to fill in. The main section is the weather data section, which is the main point of interaction for the
user. This section handles all inputs which will be sent to the underlying algorithm (usually the Similar
Day Algorithm.) The other sections of input are parameters that change qualities of the webpage, like
graph color and autofilling. These are explained further in the Use Cases section of this report. After the
data is input, the webpage creates graph containing the desired output. On the next page is an example
of the UI.
Figure 2: The EMTools User Interface
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4 Use Cases
The figures below illustrate the scenarios that the user could encounter. These scenarios are described
as “use cases”, which are further broken down into the actor, goal, pre/post-conditions, scenario, and
exceptions for each case to better understand and analyze the product’s functionality.
Figure 3: Demand Analysis Tool 1 Use Case
Figure 4: Demand Analysis Tool 2 Use Case
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Figure 5: Demand Analysis Tool 3 Use Case
Figure 6: Demand Analysis Tool 4 Use Case
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Figure 7: Demand Analysis Tool 5 Use Case
Figure 8: Solar Generation Tool 1 Use Case
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Figure 9: Solar Generation Tool 2 Use Case
Figure 10: Solar Generation Tool 3 Use Case
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Figure 11: Wind Generation Tool 1 Use Case
Figure 12: Wind Generation Tool 2 Use Case
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Figure 13: Wind Generation Tool 3 Use Case
Figure 14: Deficit Calculation Tool 1 Use Case
Besides the weather input data necessary to generate a correct graph, each tool has buttons at the
bottom that allow the user to:
• Select a color for the graph
• Select a CSV file to be used for generating the output
• Autofill each of the seven input days with data from the first input day if applicable
• Export user inputs to a different tool in the suite if applicable
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5 Process Flow
Since each tool of the EMTools Suite has different use cases, each tool will have a slightly different
process flow. The flows are represented in swim lane diagrams as below:
Figure 15: Demand Analysis Tool 1 Swim Lane Diagram
Figure 16: Demand Analysis Tool 2 Swim Lane Diagram
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Figure 17: Demand Analysis Tool 3 Swim Lane Diagram
Figure 18: Demand Analysis Tool 4 Swim Lane Diagram
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Figure 19: Demand Analysis Tool 5 Swim Lane Diagram
Figure 20: Solar Generation Tool 1 Swim Lane Diagram
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Figure 21: Solar Generation Tool 2 Swim Lane Diagram
Figure 22: Solar Generation Tool 3 Swim Lane Diagram
14
Figure 23: Wind Generation Tool 1 Swim Lane Diagram
Figure 24: Wind Generation Tool 2 Swim Lane Diagram
15
Figure 25: Wind Generation Tool 3 Swim Lane Diagram
Figure 26: Deficit Calculation Tool 1 Swim Lane Diagram
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6 Algorithms
The algorithms used in the Energy Management Tools Suite are as follows:
1. Similar Day: The program takes as input a series of weather parameters and weights. The weights
are applied to the parameters such that parameters with higher weights are viewed as “more
important” when calculating the variance. The variance of the weather parameters versus the
weather parameters of each day in the historical database are found, and the minimum is chosen.
Thus the day to choose is:
min(
365∑
i=1
V ar(wi ∗ pi))
for each day.
(The algorithms for Solar Generation and Wind Generation have been precomputed by Prof. Chris
Goeltner and abstracted away from the end users because they are far too complicated. I do not
have access to the closed form of the algorithms and thus they will not be documented here.)
2. Deficit Calculation: The program runs the Similar Day algorithm for Solar, Wind, and Demand.
The Deficit is thus the total demand remaining after subtracting the energy generated from solar
and wind.
24∑
n=1
di −
24∑
n=1
si + wi
7 Technologies Used
Our application has an HTML webpage as its frontend. The webpage is split into halves, the user input
half and the half which contains the prospective graphs. The user input form is coded as HTML forms,
with the data being posted using PHP. As well, the backend of the suite which runs all the algorithms
and generates all the graphs is coded in PHP. The generation of the graphs is done in Javascript, but
needs to access the data from the PHP algorithms. Because of this, the raw PHP data that is to be
graphed is encoded using JSON and then sent to the Javascript. The graphs themselves are generated
using D3 and SVG. As well, the webpage will have a CSS file to contain styles.
The following technologies are used:
• HTML - HyperText Markup Language. HTML forms the foundation for the webpage, and contains
the code that references the other components like Javascript and CSS files. The HTML acts like
a wrapper the entire system, bringing it all together.
• CSS - Cascading Style Sheets. These contain the style that is used in the webpage, defining things
like margins, colors, borders and banners.
• Javascript - Javascript is a a dynamic programming language commonly used as a part of web
browsers.
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Figure 27: General Architectural Diagram for EMTools Suite
• PHP - PHP Hypertext Preprocessor. A scripting side language used for web development.
• D3 - Data Driven Documents. D3.js is a JavaScript library for manipulating documents based on
data.
• SVG - Scalable Vector Graphics. A vector based image format used for dynamic documents.
• JSON - JavaScript Object Notation - A JavaScript based data interchange format.
8 Design Rationale
After analyzing the requirements, we decided that we would create a webpage as the frontend for the
EMTools Suite. This will allow the tool to be easily accessible to anyone who would like to use it, without
having to download anything extraneous. The webpage will be in HTML with a CSS file containing the
styles that will be used. The use of a CSS file will allow editing styles as the design process progresses,
without its changes interfering with the code in the HTML or PHP. Using POSTs to submit the data
keeps the URL clean, but does mean the webpage gets refreshed upon submission. However, since each
tool is contained in just a single PHP file, there are no discrepancies.
The user input will be a form is a two-dimensional table where the x-axis is the day of the week,
and the y-axis is what weather variable is being assigned. It’s centered for aesthetic appeal. Extraneous
data used in computations that is not inputted is abstracted away from the user. This is done to prevent
the cluttering of the webpage with criteria not relevant to the user, and to keep it aesthetically pleasing
overall.
9 User Manual and Maintenance
The Energy Management Suite is meant to be used by graduate students in the ELEN288/COEN282
class, and thus the tool is designed with them as the audience. On the website which hosts the suite,
(currently emtools.engr.scu.edu), there are a variety of documentation tidbits and READMEs to help
the students should they need guidance in how to use the tools. Maintenance should be little. The tools
have automatic detection if a new csv file containing new historical data is added, so to add a new csv
one would just need to do the following:
1. Log into emtools@linux.dc.engr.scu.edu.
2. Place the new .csv file into the /opt/web/emtools directory.
3. Save and reload pages that are currently on emtools.engr.scu.edu.
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10 Ethics
My senior project concerns creating a suite of tools to assist professors in the Sustainable Energy
program in the Electrical Engineering department. Throughout development of the first prototypes of
these tools the amount of progress we were making seemed begrudgingly slow. This is because I would
code a new portion, and the professors with whom I am collaborating would test it and say “No, this
doesn’t give exactly the right answer, try it again.” I would go through every step in the algorithm I
created by hand and using the tool to see where the two diverged, fixed the bug, and then started the
vicious cycle all over again. This suite of tools accepts a user input and yields an output according
to strict mathematical concepts. There is only a single possible right answer; to have my tool output
anything besides it is to teach incorrect concepts. After we verified that the tools were working correctly,
they were deployed to the students to use to check their work. This raises another ethical dilemma, if the
tools were created to allow students to check the validity of their answers; this means you can also use
the tools to determine the correct answers to the assignment without actually doing it. As an extension
to the question posed above: Do students have a moral responsibility to do work according to the spec-
ifications of the professor? If so, then why does the university put so much emphasis on obtaining good
grades, almost to the point that the utility of “cheating” outweighs the potential risks? As I said earlier,
the university’s moral values parallel those of the “good” Catholic, such that one should do what he/she
believes is right. Beyond that, after the release of my tools into the hands of the professors, my control
is limited. As with all public domain software it is up to the discretion of the users to use it as they see fit.
The tools I’ve created are available to the public (though soon we will be making them available to
only students enrolled in the classes for which they are relevant.) This means at this time, anyone in
the world who knows the URL of the tools can access them, and use them to gain information about
Energy Management and Demand Analysis. On one hand, this is great! Santa Clara University is all
about the accessibility of knowledge to all, and making sure everyone has equal opportunities for educa-
tion. That being said, to put this knowledge on the internet for free is to not consider the plight of the
students who paid tuition here. Why should this information be leaked to the masses when we’re the
ones paying thousands of dollars a year to attend this university? This question has been the driving
philosophy behind many modern universities. For example, MIT publishes nearly all its lectures online
for free, open to the public, and yet remains one of the most reputable universities in the country. If
“information wants to be free,” is it ethical to restrict access to these Energy Management tools behind
a password? Again, if the professors want the software to be available to only enrolled students, then
that is their decision. I have no strong opinion one way or the other.
Only three professors and I have access to the hosted source code of the tools. If on any given day,
I or one of the professors was feeling a bit evil, I suppose it’d be possible to log onto the design center
computers and change my source code to whatever the heart desired. It would even be possible to change
the tools so as to infect users with a virus if the culprit was so inclined. Obviously this goes beyond
the intended scope of what I am to account for ethically. I trust that the professors for whom I create
these tools will leave the source code be, or at least contact me before altercations of the source code.
Maintaining contact with everybody in the team is vital, as without communication there is no way to
gauge the status of a project.
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11 Existing Research
One of the features in our Energy Management Load Forecaster is that when it predicts the load
for an upcoming day, since the database it reads from has separate data for each hour, the generated
data is also separated by hour. Creating an hourly profile allows the user to see the differences in energy
usage throughout the day. This article also creates hourly data when calculating its energy demand. The
model in “A Novel Modeling Approach for Hourly Forecasting Of Long-Term Electric Energy Demand”
is constructed by using a database of 26 years of previous load data, whereas our database only has 1
year. The difference is our database is made of values that were sampled from San Francisco and San
Jose airports, and therefore are much more relevant when calculating load forecast for locations such as
Santa Clara University. Their algorithm works by calculating first yearly, then weekly, then hourly loads.
One main feature in my project is predicting how much energy one will generate via solar panels during
specific weather. For example, one might want to calculate the percent in energy generation will occur
during an overcast. Our algorithms we have written provide mathematical models that provide these
answers, but not having access to a solar farm, we cannot confirm our models to a great degree of ac-
curacy. “Impact Of Onsite Solar Generation On System Load Demand Forecast” measured onsite solar
generation against demand load, and calculated the performance degradation based on weather. The
article determined a mathematical model to determine the loss based on error, solar penetration, and
solar variability. This article should help determine the validity of our own algorithms, by comparing
theirs against ours. As well, it should allow us to verify our error analysis ranges. They claim it is
between 3 and 9 percent loss for 1 hour and 15 minute periods of solar generation respectively.
From the National Academy’s conference proceedings on Energy Management, the “Improving Energy
Demand Analysis” conglomerate is an all encompassing tome of all there is to know about Demand Anal-
ysis. It introduces why it’s important to use formal models as prediction algorithms, and why analysis
of load is important socially, and economically. It explains the effect of information on investment in
energy, and even uses Behavioral Analysis to determine optimal prediction techniques. All in all, the
book raises several new points and ideas concerning how energy is measured, and why these ideas haven’t
been implemented in past formal models in the past.
The main branch of the field of Energy Management that is not covered in the adjacent texts cited
here is the creation and maintenance of the front end of the system: actually improving the energy
consumption of a system after you’ve measured its load or predicted its demand. Improving energy
efficiency is hard, as things like batteries and capacitors rely on fundamental properties of materials,
which cannot be scaled like number of transistors on a chip can. “Construction Of User Response Sub-
system For Energy Efficiency Of Electric Power Supply And Demand System” looks at the optimization
of overall resources of electric power supply and the demand system using such methods like analysis of
energy waste. My project is more on developing a prediction system, rather than mitigation strategies of
energy loss or fixing problems that the system detects. Nonetheless, knowing the courses of action that
professionals take when they learn the metrics of their energy usage should help me to create a better
system in terms of the user interface and the requirements of the system.
One of the main features my project is concerned with is calculating demand analysis and load fore-
cast based on the trends of weather patterns. How our algorithm works is to analyze previous weather,
find future days that have similar parameters and forecasts, and then determine that those days must
have similar amounts of energy usage. “Short Term Load Forecasting Technique Based On The Seasonal
20
Exponential Adjustment Method And The Regression Model” describes a similar method, based not only
on weather, but the fact that overall temperature and weather differences exist between the different
seasons. Instead of using past days with similar forecasts, their algorithm employs the idea that weather
does not often change drastically over time, and therefore the load forecast of now will be similar to the
load forecast of tomorrow. Though they use much more advanced statistical analysis than my own, such
as Kendall correlation testing and matching to T-distributions, viewing their algorithms and why they
believe they are correct gave me insight as to why my own algorithms work.
12 Project Risks
The development of EMTools Suite is complete, and therefore no remaining risks. The tools are
currently hosted on emtools.engr.scu.edu, and the crashing of that website would mean there is no way
for users to access the tools. To mitigate this, I make a backup of the suite whenever I perform large
changes to its infrastructure. Risks such as requirement changes or aesthetics changes can be dealt with
easily because of the modularity of the code. Besides this, since I am the sole coder for this project, the
remaining risks considering the disintegration of the team or the health of team members will not occur.
13 Test Plan
To verify that the implementation of EMTools successfully fulfilled all the requirements and con-
straints, the suite was developed in close association with the customer, Ram Chinchali. Extensive
testing was required, but the portions that are implemented at current are correct. The tools have been
used briefly in the Spring 2014 section of ELEN 288 / COEN 282, and were confirmed to produce correct
results. The first several tools (the Demand Analysis Tools) were again used in the Spring 2015 section
of the class, again yielding correct results. At the time of Spring 2015 section, the Solar Generation and
Wind Generation tools were not yet functional enough to warrant usage in the class. At the time of
completion, those tools and the Deficit Calculation tool were able to pass the acceptance tests created
by Ram and me.
14 Development Timeline
The development timeline covered a large span of time, starting from September and ending as the
school year ends in June. Figure 28 depicts the task breakdown, amount of time for the task, and when
each task was worked on.
Figure 28: Product Development Timeline
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